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biomarker for NASH both in an animal model and patients [26]. Recently, we found
that R*® LAP-DP positivity well matched emergence of CLS (Konuma et al.,
unpublished data).

These data suggest the occurrence of a PLK-dependent TGF-f3 activation reaction in
patients and indicate that the LAP-DP may be useful as a surrogate marker reflecting
PLK-dependent TGF-f31/3 activation and subsequent fibrogenesis in fibrotic liver both

in animal models and in patients.

Conclusion and future subjects

The most fibrogenic cytokine, TGF-f, is produced as a latent complex, in which
TGF-f is trapped by its propeptide, LAP. On the surface of activated HSCs, PLK
activates TGF-B by cleaving LAP between R*® and L™ residues, releasing active TGF-p
from the complex. We made specific antibodies that recognize neo C-terminal (R°®) and
N-terminal (L*®) ends of LAP-DP and found that LAP-DP may serve as a novel
surrogate marker of TGF-f activation, namely generation of active TGF-p, thereby a
therapeutic marker for TGF-B-mediated liver fibrogenesis in patients [25].

Utilizing the LAP-DP antibodies, we are developing techniques to visualize
fibrogenic area by positron emission tomography (PET), planning to eliminate activated
HSCs with Pertussis toxin, and challenging to solve the co-crystal structure of LAP and
a LAP-DP targeting inhibitor, which binds to the LAP cleavage site, thereby inhibiting
the TGF-p activation and liver fibrosis in the HBV-infected chimeric mice (Hara et al.,

unpublished data). The effectiveness of an inhibitor against TGF-f activation reaction
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has been reported in the integrin-mediated activation of TGF-8 (3, 15, 27). LAP-DP is
also used to monitor effects of anti-fibrogenic factors or compounds for discovery of a
novel anti-fibrosis drug. For example, we recently found that HCV NS3 protease
mimics TGF-f2 and enhanqes liver fibrosis via binding to and activating TGF-f type I
receptor, and that an anti-NS3 antibody raised against the predicted binding sites
attenuates liver fibrosis in HCV-infected chimeric mice [28]. In this study, R58 LAP-DP
staining nicely showed the anti-fibrogenic potentials of the anti-NS3 antibody [28].

The technique developed accelerates the drug discovery targeting TGF-B-dependent

fibrogenesis in patients suffering from chronic hepatitis.
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Figure Legends
Fig. 1 TGF-$ activation and signaling pathway

TGF-f3 is produced as a latent complex (LLC) composed of active TGF- trapped by
its propeptide LAP (SLC) and a matrix protein LTBP. Upon cleavage of LAP by
proteases such as PLK, active TGF-f3 is released from the complex (This reaction is
called as TGF-3 activation) and exerts the fibrogenic activity (stimulation of collagen

synthesis) via binding to its receptors and Smad signaling.

Fig. 2 Cleavage of K*’LRL™ within LAP activates TGF-p

PLN and PLK cleave LAP between K*°-L*and R*®- L¥ residues, respectively,
causing to release active TGF-f31 from the latent complex. The amino acid sequences
around the PLN and PLK cleavage sites are illustrated. Antibodies, which specifically
recognize cutting edges of LAP-DPs, were produced. Dark blue “Y” labeled R58
represents antibodies recognizing the C-terminal of N-terminal side LAP-DPs, whereas
red “Y” labeled L59 represents antibodies recognizing the N-terminal of C-terminal side
LAP-DPs. A comparison of amino acid sequences from N-terminus until the PLK

cleavage site among three isoforms of TGF-f3 is presented in the bottom.

Fig. 3 Emergence of TGF-3 LAP-DP in activated HSCs within pre-fibrotic areas in
BDL models
Liver sections from BDL-operated mice were stained by HE (@) and Sirius red (b),

and immunostained with R58 (¢) and L59 (d) antibodies (Scale bar = 50 pum), and were
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immunostained with R58 (e), anti-aSMA (f), anti-CD31 (g), and anti-CD68 (/)

antibodies. Scale bar =25 pm. More detailed results are provided elsewhere [25].
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WS B I SRR D I S BEAL O A D TEHIR FeA:
S SIS EERT 2 (non-specific reactive hepatitis :
" NSRH) &M s pd & BEDF#RIEZ{LD A
CDIEGIS B BH. A, FFOMRFHA (progenitor
cell) & # 2 5N T3 Hering WO WA + Mkt
PBC TSN TW3 Y, T HidHD TR
RIEREARBEN»OALNAFRLENTEY,
FEAE B 2 BT R L 2B % s NSRH HEH P E 2
ERDBRVEEFICHH A b5 F ¥ (cytokeratin :
CK) 19 S % e 42 C MRS B o> CK 19 K
Hering W OM¥ % « WA % B0 % EHIE PBC DT

HEMEASH 5.

PBC O #¢ A A i3k Al o> JF 1B 38 7 2 B & [ A I
WETHAH., LhL, 4R ATH O
ZLixR%Y, PBC % YO HFEETIIE
ERMHOBAEMFEIMEC, 12O (garland
shape) DIFZE% 23 % (B 3D). & &5 ICHME(L
MR L E, WIRICRRENME, AMEEYE B
ARERTRH LI ICRBD, KGR, WKET
PBC o>k 301 P ¢ B v > ASHE B 26 1 58 v i
B, KAEHIE & MERTTEC IR O M % Bk
LTnaEEZLRTVE Y,

| Memio, # vt 1 e

FIeA VREBIE, HBs HIRBKUBOMEICE
ARREETHD, HENCBELTVS XSO
FARA VDA IzA /BB E U TREEINS.
RIFSREBEBIDICERES LURBAICT
KONETHD. URBORSEE FRICRY.
O BS54V
@ koKt B 5
® 0.25%BTHVEAUDL+0.2%HE
BER (BER) 1 2
@ JRAKKHE B 5
® 2% 108 (87TR) 1 9
® fKKHE B D
@ HEXK1 5
® FItA VR [FIeA Y (VORISR
{EAYHAY) 0.6g+70% T4 ./—)lL 100mL+
RIER 0.8mL] 2~3 5
® 70%IH/—)b 1%
@ Bk, BB HA

A U oo

AR A 5 M

4, PBC OAMMAEMN 5 & L T Scheuer %
# & Ludwig AR AL ThT & 220,
RO = — X2 d o ToALMRE AN SR, S 51
IEBYE S & ARB OB LI L Xh, PBC
D L RES M, 1E BB A%, 2012
EDPBC DBMHA FI4 v D THifEREhT
WA, MESERHTRN UL, MRMEL IR
&, &5 F Ve v RaRAYD LB EA
g VPR R OREE L4 22T 0~3
IZRRMG L, 2 AMLMRRTR 2203 3BT RO X a7
O 4’ K % b & I stage 1 (no progression),
stage 2 (mild progression), stage 3 (moderate
progression), stage 4 (advanced progression)
D4 BRECRMSHET 5 (1), ThHDOFER
L0, DT RIZ%S { Scheuer 7D
RAALXEBTHIENTE, LHEBEBIU
IEHE 2 MEATREDBHIATTRE & 2 5. —7, GBI
S, BRI AV AR LR FET V2 — v
YRR & THRAE SN TwAHH, PBC Ttk
JIB 4 4¢ @ i Bh B (chronic cholangitis activity :
CA) B X U'F % @ 1 B) & (hepatitis activity :
HA) 283z 0 (no activity), 1 (mild activity),
2 (moderate activity), 3 (marked activity) ® 4
BRCAa 7L LRHli$ % (2). CAICMLT
I&, BN MR 46 & CNSDC DT RLOA i &
BEEDLICHMEL, HAHLTESA ¥y —7=
A AP & ANERDAT & ARRER b L ICEFIIY 5.
[CAITHA | o185 o v& W) B #FAIG 1% PBC Dk D
BB, RIS R T RO B HRiENTHS.

TN mertm biEaes % (PSC) ]

PSCIZPBC L &%, HRicbHAbh, HIK
RBREGRL, TRREEREE (inflammato-
ry bowel disease : IBD) % &8t % 2 DA TH
A. PSCid, AN OB R % dl i B
AIEOBME & DS BB L, B
JEHPERFREZE 272 5. D& 9 2 FA - AR
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PIBRIR T DARMEAEA 2 U 2, 3 B U IARMHE A PIIRI KRB
PRI E DARMEL B B VST R 2 ML RRAR % £ 5 PIRIRARM L
4 ONRABEOE & £ D SRR L

PR & MR OMMUL & 04 5 BT

PR
1/3 T OPMBRIS TIEMMA & 45

1/3~2/3 DMK TIRWHK & # >
2/3 JLEOMBRIE TIRWHEE & S

PRRERARL DI 2 L
score 1 1/3 RIFOPBRIEMIDOFFHED (D 2) (HERILOILM & 42

score 2 1/3~2/3 OPMIRMMDO KT (1« OIRE) ([CEEMB OILH & & 5
2/3 ML EDPIBRIE DO IS (SH) (CHEMRORME » 5

stage CHRAE( L+ N 2 + A bt o RN T ) (R -+ DB )
stage 1 (no progression) 0 0
stage 2 (mild progression) 1~3 1~2
stage 3 (moderate progression) A~8 3~4
stage 4 (advanced progression) 7~9 5~6

OA2 (moderate activity) BRI HREEIBEH & 2 AFRLLECH
CA 3 (marked activity)

CNSDC &% < &b 1 NFRICH D

o]

HAO (o ectivit)
HA 1 (mild activity)
IREEHD

EONREEHS

HEWRNFEES D

Ao s— ot AN, ARG, B
1 AFRDPMIRISE A (S IR IO 10 ML 25— 73 ANRE S5, HE~BHED

HA2 (moderate activity) - 2 A FFLLE O PIARIS S 7 (& KM R 8 E ORFHIIR A O BIREEIC A > 5 — 7 f AR EH D, BE~H%

HAB (marked activity)  2<2K0EOMIRAMEIDIFII 20 ILAEC 1 2% — 7 o R EHS, hBMONKE, & 5003548

CNSDC : chronic non-suppurative destructive cholangitis

EROMMAL & P/ME - HIZEI, JEERIVELFH
RIERERE R EICE) BERTHALN, Zh
& D BBE % H L WAL E4E 2% (sclerosing
cholangitis) & RO, 4§ 2 EIAS B O fiE 1 %2 IBD
AT AEM % PSC LIFATW A, JT4E, |
RBWFZE DM AV, PSC OB A i 2

LRBHORBWIEILBNAES & % o TE 12,
PSC DBz I3 R L LTRABIFSRETHY,
PR, NEEER, TRELMEREE AT R & PE 2
WA B AERENS, 412, PSCIEABL
NAMMENITROZ CGIRERNAMETHY,
IRt AR T IR D E I HEsE L 2o/ MR
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DEALD, &%\ id PSC AR DRHEH/NEI RS
WCWR L ZAbh %, RS ICREICRET 20
BEWNdHB. T, PSCRiRWLOh0TR 2K
BEPME SN TE 22, EE EKBEAIFET
ENDDdH 5 1gG4 BMME LA NE A % (IgG4-re-
lated sclerosing cholangitis : IgG4-SC) & D&E[F
EOWTHRNT20E)H 5.

il mmae

PSC DFIEWR, A~ kB RS 2 b
& LR D IR & ifl, PIREDE/ME - BZE
AEAKTH Y, fibroobliterative cholangitis & %
FZN 5. JFFRRRIBE S & OB Tz, JB
ERE L JE BHAS SRR e Y 4 L IR 2L
ZHEVCODY YN, WFERRR, IFRER, IR
DIFEAISRE B & VNI D U5 A~ BHETE
BAHLR, ZORDIREDH 5\ i3 FIRBATE(L
15 (B4A). T, BEOHRMELIHESFT 2 &
IBENREOB/ME, MR XL, F IR
TR~ BIRICHRT 2B A5 5.
C D X5 KRB L AOVRRZE O RS
By, HEEROKMNITR TS 2 AR
% — ~ (beaded appearance) {2 KBt E N5, il
HETH T, IBEHERC LELIZERR Y v
EYANT I DARDHRLNE. JBEDTS A~
BB T, FAEICEt ORI L BT a2 R

EE o s

! [ERY S (emEs (PSC)

N ERDOTLS.

BLZMMRE D AFEROBRL A LN,
FNICEHEEMBAFEBOBRE D A5 h 2,
PBCTAH LML AFEEEEADEEET L
LiRewv. T, REBEEOEEEEMARRICY
WAEEAL., ) YA BRPBRMBE OB, Sl
EHBRERBODI LN, EERENRRD
PSCOBMWBETH2LEZLATVE (B
3A). R Z OMEOWIRIIRIE S 5 72
B IESEKTREHRORME LTHRSAS.
F7:, PSC REEEMOETRENVLOTH Y,
NEEARORIIRMRZE TH 5 A% b B & P (biliary
intraepithelial neoplasm : BilIN) #%% & LiZLi¥
BEEh2.

JFFPI/NBLBE S (FBR R4S ~ /N MR AE) L~
KALNDERIIR, BEFEORLARD S <2
FRMMELTHS (M4B). T/, FMRBAICY
YARPHEMEOREANELD, S5 E
EoMELMb Y, PBC® CNSDC icH B+ 2
BRbALNE, B EROBEIETT 2 &Y
HEEEZL, SR L TN 2 R R
b3 (R 4C) &% 3. PBCCIRBEEZBX 20
IBEW L TH B2, PSCiMRE P BENE
(FI%8) Td 1, MHELIX PSC OB B Wi
HOBVHRTHS. 2B, BRTHLIFAAE
JBER PSCIZIBD 2K L, IFEKCRBRLL
B UVNVORBEFICRA GBI R L, Hdse

A BLEECEROBR{ILERRB LY
RBEBCATORINEZRDS. B:
EEREOSTRFRBEL. C: BIR(A)
EHETIBEBIL, BT (KE) ICm
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(N EMEE AR E A E B E SN T M
cd s, BEIBEL A VOPIRRICY ¥R
I OB AE L0728, BABT I perichol-
ngitis & b FIZRLTVAN, small-duct PSC ®
A —ShoDH 5.

HEROZ{LE, PBC LA, BEMWHXIH
i L7oHE S o FEEZE AL & BT SO LH 5
nh. Tbb, FHBRAOF VLS Y RaBE
MER LK, HMIBE RIS (525 AR E N
), MDB¥RK, MERET4 A 77 VT EH
LR OAE{EA A b h 5. B
it LTRFRBIEOA ¥ 5 —7 x { ARF%

~ (biliary piecemeal necrosis) 3 X UZhIEFERA

TOFFR OB~ RARPTE, TR EP

- Abhd.

B AT, FBRUSNCAESRERRERR{,
% { @ PSCEHI T iRMMER SV RRB I
MZE~EBITT H. PSC ORFK{&Rid PBC & F#k
CIEHEFEZE T, 1220#4R (garland shape) @
IFEZEZ2 2T 5.

B amsnsnss
PSC O #A5% i3, PBC @ Scheuer 538 &
U Ludwig 28CEM L - EREN S B HV 6
RTwa, $bb, KEIFEEDSVIZFRR
CEBLTWAEREDY L, RECEN) oWED
ZUMFERICHAL, FEECWE2E88% 4
SOFM(I~VH) HELTwa, I M
BENTATIRBACBRBLTW2BRETHS.
JEERZE, REMAREE PRROBEES LT
RO AR SN EA, FIRREFR OB
HEMAT, EEER BO2. IM: 10
BRI, REHS o W R LB R R
HEHIOBET, BOAEL2BERERbLALN
3. M : PIRR-FIBRRD 2 Vi PRS- .0
BR %R SRENEEER LS )BT, ERTS
LiRORROMBERFE 25, VI : SR LI
BEORRET, IHRROBEREN»L, 61
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Chapter 4
Histological Findings
of Autoimmune Hepatitis

Kenichi Harada

Abstract Histology of autoimmune hepatitis (AIH), chronic active hepatitis, is
characterized by portal inflammation with interface hepatitis. Although the basic
histology of AIH is similar to that of virus-related chronic hepatitis, hepatitic
changes are usunally prominent in ATH compared with chronic viral hepatitis.
Clinicopathological diagnosis of AIH requires exclusion of other causes of liver
disease, including hepatitis virus, alcohol, drugs, metabolic disorders, and other
autoimmune diseases. At present, some criteria systems considering clinicopatho-
logical findings are proposed to categorize patients as having either “definite” or
“probably/atypical” AIH. Among the pathological items of a simplified AIH scor-
ing system of the International AIH Group, in addition to evident chronic hepatitis
with interface hepatitis and hepatic rosette formation, emperipolesis, indicating the
close immunological interaction of lymphocytes and hepatocytes, is noted but is
sometimes difficult to evaluate. In addition to classical AIH, showing chronic active
hepatitis, some AIH patients show a clinically acute hepatitis-like clinical course.
These patients have mostly acute exacerbation from chronic active ATH, but acute-
onset AIH cases, which histologically exhibit diffuse lobular hepatitis and/or
confluent necrosis including perivenular zonal necrosis (zone 3 necrosis,
cenfrizonal necrosis), are also encountered.

Keywords Autoimmune hepatitis » Centrizonal necrosis » Chronic active hepatitis
« Emperipolesis ¢ Rosette formation
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4.1 Introduction

Chronic hepatitis is defined as an inflammatory disease of the liver that lasts for
more than 6 months. Histologically, chronic active hepatitis accompanies interface
hepatitis (formerly termed piecemeal necrosis). As an etiology, viral hepatitis
(hepatitis B virus, hepatitis C virus, etc.), metabolic disease (nonalcoholic fatty
liver disease (NAFLD), Wilson’s disease, etc.), toxic agents and drugs (alcoholic
liver disease, amiodarone, etc.), and autoimmune disease (autoimmune hepatitis
(AIH), primary biliary cirrhosis (PBC), primary sclerosing cholangitis (PSC), and
sarcoidosis) have been described. In particular, AIH preferably affects middle-aged
women and is characterized by chronic active hepatitis related to autoimmune-
mediated and continuous hepatocellular damage. Usually, it can be readily distin-
guished from the other two major autoimmune biliary diseases, PBC and PSC, but
overlap syndromes exist. However, AIH lacks pathognomonic features and histo-
logical manifestations are observed in acute and chronic liver diseases of diverse
causes.

4.2 Basic Histology of AIH

Basic histology of AIH includes chronic active hepatitis characterized by portal
inflammation with interface hepatitis, lymphoplasmacytic infiltration and follicle-
like aggregation of lymphocytes in portal tracts (Figs. 4.1 and 4.2), fibrous enlarge-
ment of portal tracts with fibrous septa formation, hepatocellular damage and
necrosis/apoptosis around portal tracts with the destruction of limiting plates
(interface hepatitis) (Fig. 4.2), parenchymal necroinflammatory changes including
focal necrosis (lobular hepatitis) (Fig. 4.3), and sinusoidal lymphocytic infiltration.

A

Fig. 4.1 Typical autoimmune hepatitis (AIH) showing chronic active hepatitis. Enlargement of
portal tracts and bridging formation (a, arrow) are observed. In inflamed portal tracts, bile duct
damage is observed (b, arrow)
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4 Histological Findings of AIH 47

Fig. 4.2 Typical autoimmune hepatitis (AIH) showing chronic active hepatitis. In enlarged portal
tracts, severe inflammatory cell infiltration and follicle-like aggregation (*) are observed (a).
Interface hepatitis is also prominent (arrows in a and b). Inflammatory cells consist of lympho-
cytes and plasma cells (b). b is a higher magnification of a

Fig. 4.3 Parenchymal change in autoimmune hepatitis (AIH) showing chronic active hepatitis.
In parenchyma, many focal necroses are observed. This lobular hepatitis is prominent in ATH

In particular, interface hepatitis is a pathogenic hallmark of chronic active ATH
and is prominent during disease flares. These histologies are similar to those
observed in chronic active hepatitis caused by viral infection and are not specific
for AIH. Interface hepatitis may occur even in biliary diseases such as PBC.
However, compared with those observed in chronic viral hepatitis, the hepatitic
changes that are prominent in typical AIH include the following: infiltration and



